Guanidinium hexabromoantimonate(V)[
Introduction
The formation of hexabromoantimonate(V) compounds containing organic ammonium ions which are intensely colored (usually black) is well known [1] . These compounds are of interest in connection with the mixed-valence compounds such as R 4 Sb III Sb V Br 12 (R = NH 4 , Rb, Cs), which are jetblack in color. However, relatively few works on these compounds have been done until now. Bromine NQR is a very useful method for the investigation of the electronic states of these compounds owing to its high sensitivity [2] . In our former applications of this method to several compounds of hexabromoantimonates(V) no or incomplete NQR signals were detected. This failure may be attributed to the complicated molecular motions of the cations and / or anions in these crystals. Recently, Jakubas et al. synthesized light yellow crystals of [C(NH 2 ) 3 ]SbCl 6 [3] . They found two structural phase transitions and determined the crystal structure at 298 K and 240 K.
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In crystals the guanidinium ion [C(NH 2 ) 3 ]
+ is usually found to be planar or nearly planar, undergoing a simple reorientational motion around its C 3 symmetry axis [4] . We have prepared guanidinium hexabromoantimonate(V) [ The DTA measurements were done with a homebuilt apparatus.
The NQR spectra were obtained by using a superregenerative spectrometer. The signals were recorded on a recorder through a lock-in amplifier with Zeeman modulation. The accuracy of frequency measurements is estimated to be within 0.02 MHz.
Spin-lattice relaxation times 1 of 1 H NMR were measured by the inversion recovery method on a standard pulsed NMR spectrometer.
Results and Discussion
Six NQR lines, ascribed to 81 Br nuclei, were observed at 77 K as listed in Table 1 . The assignment to 81 Br was confirmed by the observation of the corresponding resonance lines due to 79 Br. With increasing temperature from 77 K, the frequency of the resonance lines continuously decreased, as shown in Figure 1 . When the temperature reached around 200 K, four of six lines faded out, while the remaining two lines could be observed up to around room temperature. It is notable that no detectable change is recognized on the frequency vs. temperature curves at c1 = 273 K. Representative curves of the DTA measurements are depicted in Figure 2 . When the sample was cooled down from room temperature, a small heat anomaly appeared near 250 K (248 K at the peak position), while on heating from low temperatures this heat anomaly showed a long tail from 248 K to 273 K of its peak position. Above room temeprature, another sharp and large heat anomaly was detected without hysteresis at c2 = 314 K. These thermal events show two phase transitions at c1 = 273 K accompanied by a large thermal hysteresis and at c2 = 314 K with- out detectable thermal hysteresis. In what follows, we tentatively denote three phases as LTP (low temperature phase < c1 ), RTP (room temperature phase c1 < < c2 ), and HTP (high temperature phase c2 < ). The crystal structure of this complex is not known, but the crystal may consist of discrete cations and anions as seen in the crystal structures of (C 2 H 5 ) 4 NSbBr 6 [5] and [C(NH 2 ) 3 ]SbCl 6 [3] . For the latter compound, Jakubas et al. have carried out DSC measurements as well as the low-temperature X-ray structure analysis [3] . The DSC curves for [C(NH 2 ) 3 ]SbCl 6 , which showed a small and large heat anomalies near 265 and 350 K, respectively, are very similar to those for the bromide analog in Figure 2 . Through the structural analysis of the chloride analog it was found that one of the two crystallographically nonequivalent [SbCl 6 ] anions in the LTP became disordered in the RTP. As described above, four of the six 81 + ions usually undergo C 3 reorientation in crystalline solids [4] . In accord with this, the observed 1 minimum can be assigned to the temperature dependence of 1 on the C 3 reorientation of the cation. Therefore we analyze the 1 -curve by assuming the BPP-type equation for 1 and an Arrhenius equation for the correlation time of the C 3 reorientation:
where is an angular resonance frequency. By leastsquares calculations of (1) and (2) for 1 in the RTP and LTP, the motional constant , the correlation time at infinite temperature 0 , and the activation energy a were determined. Table 2 shows the obtained motional parameters. Just below and above c2 , 2 of the free-induction-decay signal is not changed (ca. 30 µs), indicating that the motion occurring in the HTP is the same as in the LTP and RTP. Only the a value is obtained from the slope on the ln 1 vs. 1/ curve in case of the HTP. It is noted that the a of 17.5 kJ/mol in the HTP is much smaller than a = 43.3 kJ/mol in the LTP and RTP. Such an ease of cationic and anionic motions may be connected with the occurrence of the c2 transition and the absence of NQR signals in the HTP phase.
A comparison of 81 Br NQR spectra at 77 K of [SbBr 6 ] moieties is made between the present compound and the mixed valence compounds 1 H NMR of Guanidinium Hexabromoantimonate(V) Fig. 4 4 , Rb, Cs) [6] in Figure 4 . The latter compounds belong to class II mixed-valence systems according to the classification by Robin and Day [7] 
